mendations and other guidelines when relevant. RCTs addressing incidence, treatment, and prevention of important sepsis-associated organ dysfunction such as the acute respiratory distress syndrome, acute kidney injury, and brain dysfunction are highlighted. Finally, we briefly discuss the need for novel targets, predictive biomarkers, and new designs of RCTs in sepsis.
The progressive increase in the number of sepsis and septic shock survivors emphasizes the long-term consequences of sepsis such as cognitive dysfunction and functional disabilities [21] , psychiatric morbidity [22] , decreased health-related quality of life [23] , unplanned hospital readmissions [10, 24] , and late mortality [12, 25] .
Hospital Readmissions
The relationship between index sepsis hospitalization and unplanned hospital readmissions was demonstrated by Sun et al. [24] in a retrospective cohort study in the USA. The study demonstrated that unplanned hospital readmissions after an episode of sepsis are common, and that infection was the commonest reason for readmission. Factors independently associated with hospital readmission were use of total parenteral nutrition, duration of antibiotics, prior hospitalizations, and lower hemoglobin at discharge. Interestingly, around half of all infection-related readmissions were readmitted at the emergency department with recurrent sepsis.
The 30-day readmission rates after sepsis were also evaluated by Mayr et al. [10] in a cohort that represents 49% of the US population. Among more than 1 million patients with index admissions due to medical reasons, and who had unplanned readmission within 30 days, sepsis was the most common and most expensive (evaluated by mean cost per readmission) reason for readmission, and was associated with the longest length of stay in the hospital when compared with acute myocardial infarction, pneumonia, heart failure, and chronic obstructive pulmonary disease.
These studies [10, 24] reinforce that more research is necessary to (1) understand better the risk factors associated with readmission after sepsis, (2) identify strategies to decrease the risk of readmission after sepsis, initially with observational cohort studies with propensity matching of readmitted and nonreadmitted patients, and then (3) prospective RCTs of interventions to ultimately define cost-effective interventions in sepsis survivors that decrease readmission rates after hospital discharge.
Quality of Life
Quality of life is frequently altered after sepsis [21, 22] . However, it is unknown whether more intensive intervention improves quality of life after sepsis. Therefore, an RCT of usual sepsis aftercare versus a well-defined primary care-based intervention was conducted in Germany [26] . The two groups were compared with respect to the change in mental health-related quality of life evaluated between ICU discharge and 6 months thereafter; surprisingly, no differences between treatment groups was demonstrated in mental quality of life.
One challenge in studies of quality of life after sepsis is that the quality of life before sepsis is almost always not measured quantitatively using rigorous scoring systems but is only available by patient or family recall. So it is almost impossible to really convincingly show how much quality of life has changed after sepsis. Furthermore, studies analyzing quality of life after sepsis find that sepsis survivors have a wide range of sequelae after sepsis evaluated by heterogeneous methods that are often difficult to interpret. Additionally, it is unknown which instrument is the most appropriate for measurements of quality of life in septic patients. Finally, it remains uncertain whether a primary care intervention after sepsis will improve mental health-related quality of life [26, 27] .
Importance of Sepsis-Associated Immune Dysfunction: Long-Term Outcomes and Secondary Infections after Sepsis Admission
It has been postulated -and shown in some studies [28] -that sepsis is associated with persistent dysfunction of immune and inflammatory systems. That may be one reason of why so many immune and inflammation modulation RCTs in sepsis have failed to improve survival [29] .
Immune Dysfunction
The immune dysfunction of sepsis persists even at hospital discharge after clinical recovery, involves both innate immune dysregulation and adaptive immune suppression, and is complicated by simultaneous participation of the inflammatory and the anti-inflammatory responses. The innate and adaptive immune systems and the inflammatory and anti-inflammatory responses may fluctuate and conflict. These complex interactions likely play an important role in the recurrent, secondary, and nosocomial infections, and other long-term outcomes of sepsis, such as hospital readmissions and late mortality [29] . To date, we are unaware of RCTs that compare different immune and inflammatory-modulating interventions in sepsis survivors after discharge.
Secondary Infections after Sepsis Admission and Impaired Immune Function
The pathologic state of immune suppression present in sepsis is associated with the subsequent development of ICU-acquired nosocomial infections such as ventilator-associated pneumonia, urinary tract infection, catheter-associated bacteremia, antibiotic-associated diarrhea, and Clostridium difficile enterocolitis [30] . However, it is unclear how much nosocomial infections contribute to subsequent morbidity and mortality. A prospective observational study for the determination of the clinical and host genomic characteristics of ICU-acquired infections in critically ill patient conducted by van Vught et al. [31] demonstrated that the attributable mortality fraction of nosocomial infections contributed only a 2% absolute increase to overall mortality. In an exploratory analysis, leukocytes from patients who developed a secondary infection had a gene expression profile (at the time of ICU-acquired infection) that reflected impaired glycolysis and gluconeogenesis. Despite the limitations associated with such an exploratory analysis, this finding supports the hypothesis that secondary infections emerge due to acquired immune dysfunction, because leukocyte glycolysis is fundamental for energy supply and the inflammatory response of immune cells. [34] through an expert consensus process, based in part on the evidence from very large, multicenter derivation and validation cohorts in which the new definitions were derived and validated by Seymour et al. [35] and Shankar-Hari et al. [36] , respectively. Sepsis-3 findings, strengths, and concerns associated with the new definitions of sepsis are described in Table 1 . It is uncertain whether, when, and to what extent the new definitions will be used in new trials of therapies in sepsis.
RCTs, Meta-Analyses, and Major Retrospective Studies in Sepsis

Antimicrobials
Some evidence exists that continuous infusion (CI) of antimicrobials is better than the usual intravenous intermittent bolus (IB) administration, but large trials of efficacy have been lacking. Recently, CI and IB dosing of β-lactams were compared in patients with severe sepsis not receiving renal replacement therapy (RRT) in a twocenter RCT [37] conducted in Malaysia. Patients receiving CI had statistically significantly higher clinical cure rates (at 14 days after cessation of antibiotics), better pharmacokinetic/pharmacodynamic target attainment, and greater ventilator-free days than the IB group, whereas no differences were found between groups in ICU-free days, and 14-and 30-day survival. The novelty of this study was that it replicated similar findings from others [38, 39] in a distinct geographic region.
The Surviving Sepsis Campaign (SSC) 2016 guidelines [17] recommend that the doses of antibiotics should be optimized according to pharmacokinetic/pharmacodynamic principles, with no specific recommendation about the use of β-lactam CI.
Another RCT conducted in the Netherlands assessed the efficacy and safety of procalcitonin (PCT)-guided antibiotic treatment compared to usual antibiotic duration (i.e. without knowledge of PCT levels) in critically ill patients with an assumed or proven infection [40] . The PCT-guided intervention decreased the antibiotic consumption, lowered the duration of antibiotic treatment, and increased the number of antibiotic-free days, but there were no differences in ICU and hospital length of [35] SOFA score ≥2 represents an overall mortality risk of approximately 10% in patients with suspected infection in a general hospital The sepsis screening tool "qSOFA" was defined = THAM -tachypnea (respiratory rate ≥22/min), hypotension (systolic blood pressure ≤100 mm Hg), and altered mental status (GCS <12) qSOFA can promptly identify patients with suspected infection at high risk of longer ICU stay or hospital mortality SOFA was a better predictor of hospital mortality than SIRS or qSOFA among ICU patients qSOFA was a better predictor of hospital mortality among patients with suspected infection outside the ICU compared with SIRS and SOFA
Shankar-Hari et al.
[36] Definition of septic shock: "subset of sepsis in which underlying circulatory, cellular, and metabolic abnormalities are associated with a greater risk of mortality than sepsis alone" New septic shock clinical criteria: hypotension requiring vasopressor(s) to maintain mean arterial pressure ≥65 mm Hg AND serum lactate level > 2 mmol/L (18 mg/dL) after adequate fluid resuscitation
Singer et al.
[32] Definition of sepsis: "life-threatening organ dysfunction caused by a dysregulated host response to infection" Under the new sepsis definition, the term "severe sepsis" was considered redundant and has been removed SIRS criteria removed because of inadequate specificity and sensitivity for sepsis diagnosis Identification of organ dysfunction: acute change in total SOFA score ≥2 points consequent to the infection; in patients with unknown preexisting organ dysfunction, the baseline SOFA score can be assumed to be zero Hospital mortality in septic shock identified with these criteria >40%
Strengths
[108, 109] The new definitions developed by the analysis of large multicenter cohorts using quantitative, objective data The definitions were developed by an internationally recognized, multidisciplinary group of sepsis experts The updated diagnostic criteria for sepsis are broad and may assist evaluation of the epidemiology and economics related to sepsis qSOFA is a simple and rapid bedside score
Concerns
[108, 109] New sepsis definition may diagnose patients at a later stage of disease and with a worse prognosis in whom novel therapies are ineffective (as shown by Russell et al. [110] in the reanalysis of vasopressin in VASST) and do not screen patients who are potentially septic (and would benefit from early intervention) SOFA may not be suitable in resource-limited settings Requirement for serum lactate measurements Definitions were derived from data from high-income countries, in particular, adults from the USA The missing clinical data for the qSOFA score in patients outside ICUs demand prospective, real-world validation for use in clinical practice qSOFA score will identify sick patients who are not septic, i.e., may have inadequate specificity SIRS has been used as inclusion criterion in clinical trials and for the development of management bundles Molecular components of sepsis were not evaluated GCS, Glasgow Coma Scale; ICU, intensive care unit; LODS, Logistic Organ Dysfunction Score; qSOFA, quick SOFA; SIRS, systemic inflammatory response syndrome; SOFA, Sequential Organ Failure Assessment. . Surprisingly, even thought this was a noninferiority trial in relation to 28-day and 1-year mortality, the intervention group had significantly lower (28-day and 1-year) mortality compared with usual care (even though the PCT-guided group had higher reinfection rates). The reason suggested by the authors for this discordance of reinfection rates and mortality is that perhaps physicians looked for an alternative diagnosis earlier if procalcitonin concentrations were low. Based on these results, a procalcitonin-guided strategy seems useful as a guide to antibiotic discontinuation. However, it still needs to be proven how cost-effective this strategy would be in real life.
Guidelines from SSC 2016 [17] suggest (as a weak recommendation with low quality of evidence) that procalcitonin levels can be used to support the discontinuation of empiric antibiotics in patients with sepsis who have clinical evidence of infection.
It is uncertain how to manage antifungals in patients at high risk of fungal infection in the ICU. Accordingly, the use of antifungal empirical therapy was evaluated in a multicenter RCT comparing micafungin empirical treatment with placebo in patients who had ICU-acquired sepsis, multiple Candida colonization, multiple organ failure, and exposure to broad-spectrum antibacterial agents [41] . The invasive fungal infection-free survival on day 28 (the primary outcome) was similar between the two groups, as were secondary outcomes and exploratory subgroup analyses. The single (but granted the primary outcome) significant positive finding was related to the number of invasive fungal infections at the 28-day follow-up, which was lower in the intervention group. Despite negative secondary findings, two important messages were highlighted by the authors. First, the occurrence of sepsis in patients with multiple organ dysfunction and multiple-site colonization on broad-spectrum antibiotics is infrequently due to invasive fungal infection. Second, the discrimination power of Candida colonization for invasive fungal infections may not be adequately precise to justify the costs of fungal culture systematic surveillance in ICU patients.
In general, for the management of infection, the SSC 2016 [17] recommends the administration of broad-spectrum intravenous antimicrobials for all likely pathogens (including bacterial and potentially fungal or viral coverage) within 1 h after sepsis recognition, and source control through a specific anatomic diagnosis of infection as rapidly as is practical. The Infectious Diseases Society of America (IDSA) [42] recommends the use of an echinocandin for suspected candidiasis in nonneutropenic ICU patients.
Fluids
Although fluid resuscitation is a crucial element of sepsis treatment (along with antimicrobials and vasopressors), how much fluid and the choice of the fluid to be utilized remain controversial, particularly after the negative results from 3 large RCTs of EGDT [43] compared with standard care [44] [45] [46] .
A multicenter feasibility trial compared a conservative versus a liberal fluid approach after initial resuscitation in ICU patients with septic shock [47] and demonstrated that both the amount of resuscitation fluid in the first 5 days and during the entire ICU stay were lower in the conservative group. Based on this finding and that the conservative group had a lower frequency of worsening of renal function during the 90-day period (in comparison with the liberal group), the authors concluded that a conservative resuscitation protocol in ICU patients with septic shock is feasible and potentially beneficial. Major drawbacks of this trial were the impossibility of blinding and the differences in co-interventions between the two groups, which may have confounded the findings.
A systematic review and meta-analysis evaluated allcause mortality (at the latest time point available up to 90 days) of conservative versus deresuscitative fluid strategies in adults (and children) with ARDS, sepsis, or the systemic inflammatory response syndrome, in the postresuscitation phase of critical illness [48] . In contrast to several previous observational cohort studies [49, 50] , this intervention trial found no associations between deresuscitative strategy and lower mortality rates or RRT incidence between the two groups. However, the conservative fluid approach was associated with greater ventilator-free days and decreased length of ICU stay.
Larger RCTs are necessary to evaluate benefits and risks of lower compared with higher volumes of resuscitation fluid, and to determine optimal fluid strategies in sepsis and septic shock.
The SSC 2016 guidelines [17] for fluid therapy recommend the administration of 30 mL/kg of intravenous crystalloid within 3 h, with additional fluid based on frequent reassessment; the application of a fluid challenge technique in which fluids should be continued as hemodynamic factors continues to improve with the use of crystalloids (balanced crystalloids or saline).
Vasopressors
Clinicians have a menu of several vasopressors (e.g., norepinephrine, dopamine, epinephrine, terlipressin, vasopressin, and phenylephrine) for resuscitation of septic shock A recent, very comprehensive meta-analysis [51] evaluated the effects of different vasopressor drugs and regimens (alone or in combination) in patients admitted to ICU with hypotensive shock. Five vasopressors (dopamine, epinephrine, terlipressin, vasopressin, and phenylephrine) were compared with norepinephrine with respect to in-hospital, ICU, and 1-year mortality rates. There were no differences in all conducted analysis, including the comparison between norepinephrine versus dopamine, which was in disagreement with previous studies and trials [52] [53] [54] [55] . The prior trial of norepinephrine versus dopamine [56] showed that there were greater risks with dopamine (i.e. arrhythmias) than norepinephrine but no difference in mortality in the septic shock subgroup.
Although it seems that no vasopressor is superior to others in decreasing mortality rates in sepsis, SSC 2016 [17] guidelines recommend norepinephrine as the firstchoice vasopressor, as this agent is associated with lower adverse events rates (e.g. arrhythmias) than dopamine. Additionally, the guidelines [17] suggest that vasopressin or epinephrine (aiming to increase mean arterial pressure), or vasopressin (aiming to decrease norepinephrine doses) can be used as additional drugs to norepinephrine, in particular because of the " relative vasopressin deficiency " present in patients with septic shock . Terlipressin and phenylephrine are neither recommended nor suggested due to the long-acting action of the former (even though it has similar effects of vasopressin) and the paucity of clinical studies with the latter [17] .
Albumin
The colloid crystalloid controversy continues and especially the role of albumin for resuscitation and maintenance fluid in sepsis and septic shock. Albumin for fluid resuscitation in sepsis was not associated with decrease mortality rates in 2 RCTs [57, 58] . However, the ALBIOS RCT [57] demonstrated that the addition of 20% albumin to crystalloids reached higher targeted mean arterial pressure within 6 h of administration and lowered fluid balance over the first 7 days. There was a suggestion of lower mortality in the subgroup of patients who had septic shock.
It appears that the administration of albumin in sepsis is neither associated with advantages nor harm in sepsis and septic shock, and there is still equipoise that needs more clarification. Based on that, the updated SSC guidelines [17] suggest the addition of albumin to crystalloids if substantial amounts of crystalloids are required for initial resuscitation.
Corticosteroids
The corticosteroid controversy also continues in severe sepsis and in septic shock. A randomized placebocontrolled trial compared early therapy with hydrocortisone (or placebo) for the prevention of progression to septic shock in patients with severe sepsis [59] . Hydrocortisone or placebo was administered over the first 11 days (bolus dose followed by weaning doses), and septic shock progression was determined within the first 14 days. Neither septic shock progression nor mortality rates (at 28 and 90 days, at ICU, and in hospital) differed between the two groups. An unexpected finding was that the hydrocortisone group had a lower frequency of delirium compared with the placebo group, which contradicts prior studies [60, 61] , raising questions concerning the concept of cortisone-induced delirium in critically ill patients.
The SSC 2016 guidelines [17] suggest the intravenous use of hydrocortisone (200 mg/day) only in patients with septic shock in whom fluid resuscitation in association with vasopressors was not sufficient to restore hemodynamic stability.
Sepsis-Associated Organ Dysfunction Management
Lung Dysfunction Pulmonary dysfunction is extremely frequent in patients with sepsis and associated with increased mortality rates, particularly when ARDS is diagnosed.
ARDS Epidemiology
Recently, a large epidemiological study [62] demonstrated that ARDS is prevalent (10.4% of all ICU admissions), underrecognized, and associated with high mortality rates. In this study, the recognition of ARDS at the time of fulfillment of ARDS criteria varied from 32.0 to 36.0%, and roughly 50% of all patients with mild ARDS were recognized by clinicians. In addition, the study supported the predictive validity of the Berlin Definition: the greater the severity of ARDS, the greater was the ICU and hospital stay, the number of days of invasive ventilation, and the mortality. Factors independently associated with higher probability of clinician recognition of ARDS were higher nurse-to-patient ratios, higher physician-to-patient ratios, younger patient age, lower Pa O 2 /FI O 2 ratio, and the presence of pneumonia or pancreatitis. al studies differed from RCTs [63] : while statins were associated with decreased mortality [64] and delirium incidence [65] in the former, these findings have not been supported by the latter [66, 67] . It was suggested that perhaps the use of statins might be beneficial for some specific subgroups of patients presenting with ARDS and/or sepsis, given the significant clinical and pathological heterogeneity associated with both disorders [68] . Indeed, distinct subphenotypes of ARDS were associated with distinct responses to different ventilator strategies [69] . Other questions still to be answered are: (1) How do differences in hydrophilic and lipophilic properties of different statins (e.g., simvastatin and rosuvastatin) impact their efficacy and safety in sepsis/ARDS [70] ? (2) Are statins more appropriate for the prevention or for the treatment of sepsis-associated ARDS [68] ? (3) What is the adequate statin and statin dose associated with better outcomes in sepsis/ARDS [71] ?
Oxygen Therapy Postextubation High-Flow Nasal Cannula. The association between the use of a postextubation high-flow nasal cannula and reintubation risks was evaluated in 2 RCTs in critically ill patients considered at low [72] and high risk for reintubation [73] . The first trial compared a high-flow nasal cannula with conventional oxygen therapy in low-risk patients, while the second compared the same approach with noninvasive ventilation (NIV), in high-risk patients (designed as a noninferiority trial). In both studies, the use of a postextubation high-flow nasal cannula was associated with better outcomes: significantly decreased risk for reintubation within 72 h in patients at low risk for reintubation [72] , and noninferior to NIV at preventing reintubation and postextubation respiratory failure in patients at high risk for reintubation [73] . Although the latter was a noninferiority trial [73] , it showed a higher frequency of respiratory failure in patients receiving NIV than in those receiving oxygen by high-flow nasal cannula.
NIV via Helmet. Intubation rates were compared between patients with ARDS receiving NIV via helmet versus NIV via face mask [74] . Interestingly, this study had an early termination at the first interim analysis because it reached the criteria for its predetermined efficacy: patients receiving NIV via helmet had much lower intubation rates than those who received NIV via face mask (18.2 vs. 61.5%, respectively). Greater effectiveness in the delivery of high positive end-expiratory pressure levels as well as air leak prevention associated with the helmet's neck seal may explain these results. Even though the study demonstrated compelling findings, it was a single-center study and thus may have overestimated the effect size (due to early termination); therefore, it warrants replication in larger multicenter studies. The SSC 2016 recommendations [17] for patients mechanically ventilated with sepsis-related ARDS are a target tidal volume of 6 mL/kg of predicted body weight and a plateau pressure ≤ 30 cm H 2 O. There is no recommendation for the use of NIV in patients with sepsis-induced ARDS.
Conservative Oxygen Supplementation Protocol. ICU mortality rates were analyzed in a conservative oxygen supplementation protocol versus a standard approach in a single-center RCT [75] . Out of all medical and surgical critically ill patients included, around 21% had septic shock. The two approaches differed from each other according to partial pressure of O 2 (Pa O 2 ) and/or peripheral capillary oxygen saturation (Sp O 2 ) targets, which was lower in the conservative group. Even though the study found encouraging results (11.6 vs. 20.2% mortality rates in conservative vs. standard groups, respectively), two concerns deserve attention. First, this was a single-center trial and, second, the trial was terminated early due to a low inclusion rate, ending with a sample size 27% lower than expected. Despite that, these findings reinforce the need for larger multicenter trials to examine the potential benefits of a conservative oxygen approach in critically ill septic patients.
Cardiac Dysfunction
Ventricular dysfunction is a common complication of sepsis and septic shock, and dobutamine is the most commonly used inotropic agent to correct ventricular dysfunction to date. Levosimendan increases ventricular contractility, is a mild vasodilator, and has anti-inflammatory properties in sepsis. Levosimendan was evaluated in a randomized placebo-controlled trial in adults with septic shock as an additional drug to standard treatment [76] . Median daily SOFA scores up to day 28 (the primary outcome) were similar in placebo and levosimendan groups, as well as 28-day, ICU, and hospital mortality. Additionally, patients who received levosimendan had greater rates of supraventricular tachyarrhythmia and a lower likelihood of successful weaning from mechanical ventilation than patients in the placebo group. Although levosimendan was not associated with overall less severe organ dysfunction or lower mortality, a limitation of this trial was that few patients had a low measured cardiac output and none had echocardiographic analyses. Additional trial(s) of levosimendan in patients who have a decreased cardiac output in septic shock are still warranted. 
Kidney Dysfunction and Acute Kidney Injury
Although sepsis-associated acute kidney injury (AKI) is common, the optimal timing for the initiation of RRT is still unclear. Two recent RCTs (AKIKI [77] and ELAIN [78] ) addressed this question by comparing early versus delayed initiation of RRT in critically ill patients and are described in Table 2 . Although both RCTs analyzed different populations regarding the severity of kidney injury, they demonstrated quite distinct results, supporting the necessity of larger RCTs in different geographic regions: while the latter found decreases in mortality rates when RRT was initiated early, no mortality difference between the two strategies was demonstrated by the latter. A very recent, large, factorial (2 × 2), double-blind RCT [79] compared kidney function -measured as the number of kidney failure-free days within 28 days -between patients with septic shock receiving vasopressin (plus hydrocortisone or placebo) or norepinephrine (plus hydrocortisone or placebo). The rationale derives from post hoc VASST [80] studies suggesting that use of vasopressin compared to norepinephrine alone might prevent worsening of renal failure [79] , and from discovery of a potentially beneficial interaction between vasopressin and steroid treatment in septic shock [81, 82] . Despite the use of higher doses of vasopressin (0.06 vs. 0.03 U/min in VASST) [83] , there was no difference between groups in the primary endpoint. However, vasopressin was associated with a significantly lower rate of RRT than norepinephrine.
The 3 recent RCTs of EGDT [44] [45] [46] found similar rates of AKI development and other AKI-related outcomes (AKI duration and RRT therapy) among patients treated with a protocol-based approach versus usual care. In addition, an ancillary study to the ProCESS trial analyzing AKI patients [84] further demonstrated that a protocolized resuscitation had no effect on renal function recovery (complete or partial) compared with usual care.
Based on these studies, the appropriate approach for the prevention and/or the management of kidney dysfunction associated with sepsis is still to be clarified. The SSC 2016 [17] guidelines present only weak recommendations regarding the type of RRT in patients with sepsis (either continuous or intermittent RRT are recommend- Table 3 . Delirium incidence in critically ill patients: summary of a dynamic light application (DLA) study [88] and an ancillary study using statins for acutely injured lungs from sepsis (SAILS) [89] DLA to prevent ICU-acquired delirium [88] Ancillary study within the SAILS trial [89] Type of study Single-center RCT Ancillary study within the SAILS trial (RCT that assessed rosuvastatin vs. placebo for mortality and ventilator-free days in patients with sepsis-associated ARDS) Rationale Bright-light therapy might reduce disturbances in the circadian rhythm and sleep (associated with delirium incidence), associated with decreased restless behavior in geriatric patients with delirium and in postoperative patients ed), preferring the former in hemodynamically unstable septic patients to achieve a better management of fluid balance. No recommendation or suggestion regarding the timing for the initiation of RRT in sepsis was defined by these guidelines [17] .
Brain Dysfunction
Delirium is common among critically ill -especially septic -patients [85] and is associated with poor shortand long-term outcomes (e.g., increased mortality rates [86] and impaired cognitive function [87] ). Delirium incidence was evaluated in 2 recent RCTs using dynamic light application [88] and rosuvastatin [89] , described in Table 3 .
Dexmedetomidine The use of dexmedetomidine was supported by Reade et al. [90] in a placebo-controlled trial that analyzed a very specific group of critically ill patients -those with delirium receiving mechanical ventilation in whom extubation was considered inappropriate because of the severity of agitation and delirium. Patients treated with dexmedetomidine had greater number of ventilator-free hours in the 7 days after randomization (primary outcome) than the placebo-treated group. Despite this finding, two comments are important to mention. Although clinicians were blinded to study drug allocation, the frequent dexmedetomidine-associated bradycardia may have suggested patients' allocation and, second, the benefits of the study drug cannot be generalized to patients in the early phases of their critical illness and/or who are not intubated.
The role of dexmedetomidine for the prevention/ treatment of delirium needs further research, and no specific recommendation with respect to delirium prevention or treatment was presented in the SSC 2016 guidelines [17] . The Pain, Agitation, and Delirium (PAD) 2013 guidelines [91] recommend routine monitoring for delirium in adult ICU patients using The Confusion Assessment Method for the ICU (CAM-ICU) and the Intensive Care Delirium Screening Checklist (ICDSC), early mobilization for reduction of the incidence and the duration of delirium, but no specific drug for delirium prevention. The same guidelines [91] suggest the use of dexmedetomidine as intravenous CI over the use of benzodiazepines in adult ICU patients with delirium unrelated to alcohol or benzodiazepine withdrawal to reduce the duration of delirium.
Red Blood Cell Transfusion
The UK National Clinical Guideline Centre's 2015 guidelines on transfusion of red blood cells (RBC) [92] were published by Carson et al. [93] . The two major recommendations (both strong with moderate quality of evidence) -based on a thorough systematic review of studies in critically ill patients -are: (1) hemodynamically stable patients should be managed according to a restrictive RBC transfusion approach, in which the threshold for transfusion is a hemoglobin level <7 g/dL (rather than a liberal approach [threshold of hemoglobin <10 g/dL]), and (2) the age of the RBC units to be transfused should be the standard, i.e. the units can be selected at any point within their licensed dating period (i.e., no recommendation for the use of fresh units, defined as those with less than 10 days of processing).
The safety of a restrictive RBC transfusion approach (in comparison to a liberal approach) in patients with septic shock was first demonstrated by Holst et al. [94] . The two groups had no differences in mortality rates within 90 days (primary outcome) and all secondary outcomes including vasopressor or inotropic agent use, RRT, invasive or noninvasive mechanical ventilation, and ischemic event rates.
A recent meta-analysis regarding restrictive versus liberal transfusion strategies in sepsis confirmed the safety of the restrictive strategy regarding mortality (in hospital and at 28 and 90 days) [95] . RBC transfusion was associated with greater rates of nosocomial infections, acute lung injury, and AKI. Two major limitations from this study are that the meta-analysis was conducted only with cohort studies, and there was a high heterogeneity between the studies analyzed.
Based on these recent publications [92, 93, 95] , 2 relevant RCTs [94, 96] , and the SSC 2016 guidelines [17] , the use of the restrictive strategy for stable patients with sepsis is recommended because it is safe, and the age of RBCs does not affect mortality.
Nutrition
Harvey et al. [97] showed no differences in 30-day mortality rates between critically ill patients receiving early enteral nutrition versus early parenteral nutrition. This finding was replicated in a recent multicenter RCT that included an integrated economic evaluation conducted in the UK [98] . The additional finding from this study was that parenteral nutrition had greater costs than Among other nutritional recommendations, the SSC 2016 guidelines [17] recommend against parenteral nutrition (alone or in combination with enteral feeding) in patients with sepsis or septic shock within the first 7 days. SSC also recommends early initiation of enteral nutrition in patients who can be fed, and intravenous glucose with advanced enteral feeds (e.g., increases in enteral diet infusion of 25 mL/h every 4-8 h for gastric tubes or 6-12 h for duodenal tubes) as tolerated for patients in whom enteral feeding is not feasible over the first 7 days.
Novel Targets for Sepsis
Based on the relevance of immune system dysfunction in sepsis, interventions targeted at immunomodulation have been studied in sepsis, such as use of granulocyte and granulocyte-macrophage colony stimulating factor, interferon-γ) programmed cell death protein (PD)-1 and PD ligands (PD-L1), recombinant human interleukin (IL)-3, IL-7, and IL-15, propranolol, oxandrolone, and dronabinol [29] . IL-7 (NCT02640807) and anti PD-L1 (NCT02576457) are currently being tested in clinical trials. Major findings associated with these therapies in sepsis include effective restoration of monocytic immunocompetence and potential reduction in mechanical ventilator days and other organ dysfunction with the use of granulocyte-macrophage colony stimulating factor [99] and decreased nosocomial infections with the inhibition of PD-1 and PD-L1 pathways in an animal model of sepsis [100] .
Another attractive candidate for sepsis treatment is PCSK9 (proprotein convertase subtilisin/kexin type-9). Normal clearance of pathogen lipids such as lipopolysaccharide and lipoteichoic acid occurs via the hepatic lowdensity lipoprotein (LDL) receptor pathway, particularly on hepatocytes [101] . Pathogen lipids are carried within lipoprotein particles (high-density lipoprotein [HDL], very low-density lipoprotein and LDL-cholesterol) and transferred between these fractions especially from HDL to LDL. Transfer proteins such as phospholipid transfer protein and lipopolysaccharide binding protein guide this process [102] . PCSK9 increases LDL receptor activity by hepatocyte lysosomal degradation and thus decreases pathogen lipid clearance [102] . Subsequently, PCSK9 knockout and PCSK9 inhibition decrease mortality and markers of inflammation such as plasma cytokines. Furthermore, plasma PCSK9 levels are increased in sepsis and correlated with the development of subsequent cardiovascular and respiratory failure [103] . Additionally, anti-PCSK9 therapy is associated with increased pathogen clearance and decreased inflammatory responses in a murine model of sepsis [104] . The pharmacological inhibition of PCSK9 results in greater availability of LDL receptors for pathogen clearance and may improve outcome in patients with sepsis. Fig. 1 . New targets and novel randomized controlled trial (RCT) designs are necessary in sepsis. The increased number of sepsis survivors and subsequent greater proportions and numbers of sepsis-associated long-term outcomes, and a great number of negative RCTs in sepsis emphasize the need for the use of new designs in RCTs (e.g., more and larger phase 2 trials, inclusion of patients at early stages of sepsis, and use of long-term and composite endpoints) and new targets aimed at immune system modulation, resolution of organ dysfunction(s), and/or increased pathogen clearance. 
The Need for New Targets and Designs of RCTs in Sepsis
Unfortunately, most pivotal RCTs in sepsis have been associated with negative results and no novel therapies have been introduced into clinical practice over the last years. In addition, the uncertainty about the best approach for hemodynamic therapy in sepsis has increased, particularly after the negative three "post-Rivers" EGDT trials [105] . Research regarding new targets in sepsis are necessary, such as therapies aiming at the improved organ dysfunction resolution (e.g. lipoxin A4) [106] and/or increased pathogen clearance (e.g. anti-PCSK9) [102] . Sepsis is a very heterogeneous condition and, accordingly, better selection of responsive patients early in the course of sepsis may improve the chances of finding a new and effective treatment [106] . Proof-of-principle phase 2 RCTs have been positive but then negative phase III pivotal RCTs followed, showing that phase II RCs have been "false positives" of most therapies. We suggest that phase II RCTs (1) should be conducted in larger patient cohorts and (2) should be targeted at the discovery of novel predictive biomarkers (i.e., defining increased response to therapy). Another change in pivotal RCTs is to move away from mortality because mortality has decreased and has been shown too insensitive to acute interventions. Some RCTs are now using organ dysfunction, such as more days alive and free of vasopressors and ventilation, as a novel primary composite endpoint. The field is also increasing interest in outcomes, i.e. even beyond 90-day mortality time points ( Fig. 1 ) . Finally, the production of secondary publications originated from large RCTs should be encouraged especially in sepsis through responsible data sharing to increase opportunities for further scientific and hypothesis-generating discoveries [107] .
Conclusions
Sepsis mortality has decreased with concurrent increases in the proportions and numbers of sepsis survivors, and, consequently, sepsis-associated long-term outcomes have attracted increasing attention. Although an increasing number of studies focus on these long-term complications of sepsis we do need a much better understanding of its epidemiology, pathogenesis, management, and prevention. Immune system dysfunction both during and after sepsis may decrease late mortality and hospital readmissions. Despite the development of new sepsis definitions and updated sepsis guidelines, more RCTs possibly using new (1) targets, designs, and endpoints and (2) predictive biomarkers are fundamental to discover effective therapies that improve sepsis and septic shock outcomes.
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